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Abstract

Objective—To assess problem list completeness using an objective measure across a range of
sites, and to identify success factors for problem list completeness.

Methods—We conducted a retrospective analysis of electronic health record data and interviews
at ten healthcare organizations within the United States, United Kingdom, and Argentina who use
a variety of electronic health record systems: four self-developed and six commercial. At each site,
we assessed the proportion of patients who have diabetes recorded on their problem list out of all
patients with a hemoglobin Alc elevation >=7.0%, which is diagnostic of diabetes. We then
conducted interviews with informatics leaders at the four highest performing sites to determine
factors associated with success. Finally, we surveyed all the sites about common practices
implemented at the top performing sites to determine whether there was an association between
problem list management practices and problem list completeness.

Results—Problem list completeness across the ten sites ranged from 60.2% to 99.4%, with a
mean of 78.2%. Financial incentives, problem-oriented charting, gap reporting, shared
responsibility, links to billing codes, and organizational culture were identified as success factors
at the four hospitals with problem list completeness at or near 90.0%.

Discussion—Incomplete problem lists represent a global data integrity problem that could
compromise quality of care and put patients at risk. There was a wide range of problem list
completeness across the healthcare facilities. Nevertheless, some facilities have achieved high
levels of problem list completeness, and it is important to better understand the factors that
contribute to success to improve patient safety.

Conclusion—Problem list completeness varies substantially across healthcare facilities. In our
review of EHR systems at ten healthcare facilities, we identified six success factors which may be
useful for healthcare organizations seeking to improve the quality of their problem list
documentation: financial incentives, problem oriented charting, gap reporting, shared
responsibility, links to billing codes, and organizational culture.

Keywords
electronic health records; problem lists; diabetes; quality

1. Introduction

Since the introduction of the problem-oriented medical record by Lawrence Weed in his
landmark article “Medical Records that Guide and Teach” (1), problem lists have become
standard in nearly all medical record systems. Although problem lists are designed
principally for use in patient care, and they are especially important in primary care, an
accurate and complete problem list has many other uses. Problem lists can be used to create
patient registries, identify patient populations for quality improvement activities, or conduct
research (2-4). Many clinical decision support (CDS) rules also depend on accurate,
complete, and coded problem lists (5-11). They can also be shared directly with patients to
improve their engagement in their care (12). Furthermore, evidence suggests that more
complete and accurate problem lists may improve quality of care (13).
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Consider the case of a hypothetical patient with diabetes. If diabetes is properly documented
on his or her problem list, it may trigger CDS tools which help remind the patient’s care
providers to assess for nephropathy or retinopathy, to measure his or her cholesterol and
assess for the risk of heart disease, and to more tightly monitor blood pressure. The presence
of diabetes on the problem list may also trigger inclusion in care management programs,
registries, and research studies. And, of course, an accurate listing of diabetes on the
problem list will inform other care providers, including specialists, covering providers, and
emergency physicians who do not otherwise know the patient, that he or she has diabetes. If
the same patient’s diabetes is omitted from the problem list, he or she would receive none of
these benefits. Appreciating this, the ability to create and maintain a problem list is required
for electronic health record (EHR) certification under the Office of the National Coordinator
for Health Information Technology’s Authorized Certification Body process (14). Moreover,
maintaining a “complete” problem list is a requirement for stages 1 and 2 of the “meaningful
use” (15, 16) financial incentive program for EHR adoption in the United States (US), with
stage 3 of meaningful use expanding the criteria to include regular review and reconciliation
of problem concepts (17).

Despite these benefits and incentives, problem lists are often inaccurate, incomplete, and
out-of-date (18-20), leading providers to find it a major struggle to keep them current. A
prior study conducted at the Brigham and Women’s Hospital (BWH) in Boston, MA found
that problem list completeness for outpatients ranged from a low of 4.7% for renal
insufficiency or failure, to 50.7% for hypertension, to 78.5% for breast cancer (18). In a
qualitative study, we found that when problem lists are incomplete, providers stop relying on
them and, in turn, stop updating them, perpetuating a vicious cycle of problem list
inaccuracy (21). To date, no systematic investigation of problem list completeness across
sites has been conducted, nor have success factors for improving problem list completeness
been identified. In this article, we report on these dual investigations conducted to further
explore problem list completeness.

2. Methods

We used a three-pronged approach to study problem list completeness for diabetes and
hemoglobin Alc (HbALc) at ten healthcare facilities in the US, United Kingdom (UK), and
Argentina. We began with a retrospective analysis of EHR data at the sites to establish a
measure of problem list completeness for diabetes. For those sites which had high
completeness relative to our sample, we then conducted interviews with informatics leaders
to determine facilitators of their success. We focused our interviews on the highly successful
sites because we felt that they would be most informative in defining success factors; similar
“positive deviance” approaches have been used successfully to study a variety of healthcare
problems (22, 23). Finally, we surveyed informatics leaders at all ten sites in our study about
their use of the identified facilitators of success.

2.1 Retrospective analysis

We investigated diabetes, and HbAlc in particular, for two reasons. First, diabetes is an
important chronic condition and is often the subject of research, quality measurement and
CDS, so ensuring coded documentation of diabetes is important. Second, the American
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Diabetes Association (ADA) has promulgated a guideline which states that a HbAlc of
6.5% or greater is diagnostic for diabetes (24) — since laboratory results are coded in most
EHRs (25), this makes it relatively straightforward to identify patients who are diabetic,
regardless of whether diabetes is on their problem list. The study sites were chosen by
purposive sampling in an effort to include sites that were diverse in geography, EHR system
in place, and type of health system and able to report the data required for the study. By
necessity, all sites selected used an EHR system and had the ability to perform a query based
on laboratory results and problem list entries but were otherwise diverse (see Table 1).

For the retrospective analysis of EHR data, we asked each participating site to report on two
quantities:

1. The number of patients at the site who have had at least one outpatient encounter
between 1/1/2009 and the date at which the site’s data warehouse was last refreshed
(this varied by site) who have also had at least one HbAlc >= 7.0% since 1/1/2009

2. Of the patients in (1), the number of these patients who also have diabetes coded on
their problem list

We then used these two quantities to calculate a ratio which represents the proportion of
patients with an HbAlc >= 7.0% who have diabetes on their problem list as a measure of
problem list completeness. We chose to increase the HbAlc threshold to 7.0% to account for
situations where a provider is treating a patient as pre-diabetic, even though they meet the
ADA’s diabetes diagnostic criteria. Our goal was to establish a single, repeatable metric
with high specificity which could be compared across sites, so we selected HbAlc because it
is widely used, has a standardized interpretation, and is consistently available in structured,
coded form. Some diabetics may never have had an HbAlc of greater than 7.0%, so our
screen is not perfectly sensitive (i.e., not all patients who should have diabetes on their
problem list were captured), nor does it allow us to identify situations in which patients have
diabetes on their problem list but do not actually have diabetes (false positives); however,
HbA1c represented the best single criterion for consistently assessing diabetes across many
diverse sites, and is a highly specific measure, since HbAlc values above 7.0% are
diagnostic for diabetes according to ADA guidelines.

2.2 Interviews at top performing sites

Second, we conducted two-part interviews with informatics leaders or EHR users at all of
the sites to (1) learn more about their problem lists and how they are maintained and (2) to
ask the sites what they felt contributed to their relative success in maintaining them, at least
for diabetes. To learn more about the sites’ problem lists, we asked the following:

1. Who is responsible for keeping the problem list up to date at your organization?
Is your problem list manually maintained or derived from billing data?
Do you have any policies / guidelines about problem list ownership / use?

Do you use a standard terminology to code your problem list? If so, which one?

a & w b

Do you allow free text problems?
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6. Who is your EMR vendor (if any)?

7. Have you received your meaningful use stage 1 incentive payment? If so, did you
qualify under Medicare or Medicaid rules?

The interviews were conducted by phone or email depending on the availability of the
interviewee. We used an open-ended approach to learn about how the sites assessed their use
of the problem list. We asked each site about three key areas: cultural attitudes about the
problem list, incentives for maintaining a complete problem list, if any, and tools and
practices employed to enhance problem list completeness.

2.3 Survey of all study sites regarding best practices

Finally, we categorized the facilitators of success implemented across the high performing
sites into six categories: financial incentives, problem-oriented charting, gap reporting,
shared responsibility, links to billing codes, and organizational culture. To determine
whether these practices were specific to the high performing sites, we surveyed informatics
leaders and EHR users at all ten study sites via email about whether their healthcare facility
employs practices that fall into any of the six categories of success facilitators.

Each site that participated in the study agreed to have the results of the retrospective analysis
and their identity published, but without linkage between the two; therefore, results are
presented in de-identified form. The study was reviewed and approved by the Partners
HealthCare Human Subjects Committee. Most sites relied on this approval; however, one
site also submitted and received approval from its local Institutional Review Board.

3. Results

A total of ten sites in the US, UK, and Argentina participated in this study. The
characteristics of the participating sites are presented in Table 1. Seven of the sites were in
the US (three in the West, two in the Northeast, one in the Southwest and one in the
Midwest), two in the United Kingdom, and one in Argentina. Four sites used locally-
developed EHRs and the remainder used a variety of vendor systems. The sites included
small practices, community hospitals, regional health systems, and academic medical
centers.

The results of the retrospective analysis are presented in Table 2. To preserve anonymity,
the sites are sorted in decreasing order of problem list completeness. The range of problem
list completeness extended from a low of 60.2% to a high of 99.4%. The top-performing site
(which also saw the fewest patients) stood out with only two patients whose HbAlc
exceeded the threshold of 7.0% who did not have diabetes on their problem list.

We drew a line between the top four sites (completeness of 99.4%, 95.8%, 91.6% and
86.8%) and the other six (completeness ranging from 60.2% to 80.8%), reasoning that
completeness at or near 90% represented high performance relative to our sample. Four
different EHR systems were used by the top sites: two self-developed systems and two
different commercial systems, suggesting that EHR software selection, alone, was not
responsible for the differences. We interviewed informatics leaders and EHR users at these
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top performing sites to learn more about their EHRs, and to better understand the facilitators
of success with regard to their problem list practices. The success factors that recurred at
most of the top performing sites were aggregated into six categories:

1.

Financial incentives: Two of the four top-performing sites had financial incentives
related to problem list completeness. In one case, the site had a program for chronic
diseases, including diabetes. The responder explained, “Our [pay for performance
program] effectively incentivizes us to keep accurate problem lists, especially for
major morbidities. This is because quality payments are partly driven by the
number of patients on any particular morbidity register, e.g. diabetes, hypertension
etc. We are not really incentivized to keep problem lists for more minor
morbidities, but because [pay for performance] covers quite a lot of morbidities it is
easier to record morbidities for everything.” The other system had financial
contracts that featured risk adjustments based on the chronic diseases a patient had,
meaning that greater reimbursement and, in turn, potential physician bonuses,
depended on complete documentation of problems, including diabetes.

Problem-oriented charting: The top-performing site used a mandatory version of
problem-oriented charting stating, “The way in which the electronic records are
structured means that we are encouraged to record each of the problems the patient
presents with before recording history, examination, medications, investigations,
formulation etc.” This system provides a strong forcing function to record
problems, including diabetes, because otherwise there is no place to enter
documentation.

Gap reporting: Two of the four sites generated regular reports of patients who
appeared to have various chronic conditions, including diabetes, but did not have
the condition on their problem list, and share these reports to providers. These
reports, which one site called “gap lists” could then be used to update patient
problem lists.

Shared responsibility: Most sites depended entirely on physicians to maintain the
problem list. However, two of the top four sites also had care managers update the
problem lists. For example, if a patient is followed by a diabetes care management
program, the care manager would ensure that diabetes appeared on his or her
problem list. One of the sites also generates reports of patients potentially eligible
for care management programs, including patients with high HbAlc scores,
combining both the gap reporting and shared responsibility practices.

Links to billing codes: Most sites separate the problem list from encounter-based
diagnosis coding for billing; however, one of the top sites automatically feeds
billing diagnoses to the problem list. This results in a high rate of problem list
completeness, as clinicians usually remember to bill patients for diabetes, even if
they might not otherwise add it to the problem list. One drawback of this approach
is that, if a patient is billed for multiple related ICD-9 codes (e.g. “Diabetes
mellitus”, “Diabetes mellitus without mention of complication” and “Diabetes
mellitus without mention of complication, type 11 or unspecified type,
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uncontrolled”) over several visits, the problem list can become cluttered with near
duplicate terms.

6. Organizational culture: A final and harder-to-characterize practice reported at
several of the top sites was simply an organizational culture or practice of
assiduous use of the problem list within and across groups. In these organizations,
use of the problem list was simply expected, and widely practiced. Moreover, at
these sites, both primary care providers and specialists considered themselves to
have shared responsibility for problem list maintenance. We observed a similar
phenomenon in a prior ethnographic study of problem list usage at BWH, where
certain practices and specialties had a culture of problem list usage, often due to
leadership or peer expectations (21), and others did not.

After identifying these categories of success facilitators, we then surveyed each study site,
regardless of performance, about their use of each practice. The results of this survey are
shown in Table 3. In general, the four top-performing sites made more extensive use of the
best practices than the lower-performing sites. However, Site 3 stood out — although they
had a high degree of problem list completeness, they only used two of the best practices.
Our interviews identified that Site 3, in particular, had a very strong link between billing
data and the problem list. In fact, they automatically push all clinician-entered billing
diagnoses onto the problem list. In our interview with them they highlighted that, while this
creates a problem list with high sensitivity, it can also lead to clutter (e.g. if several diabetes-
related problems are on the problem list) or inaccuracy (if an errant billing diagnosis makes
it to the problem list). The other sites that used billing linkages required either that clinicians
manually “promote” billing diagnoses to the clinical problem list, or at least that they verify
proposed promotions. Several of the sites provided interesting open-ended responses to the
survey; highlights are presented in Table 4.

4. Discussion

One important struggle that providers face in using EHRs is maintaining a complete and up-
to-date problem list, compromising data integrity, and creating the potential for
compromised quality and safety. Based on our study, we conclude that the difficulty of
problem list incompleteness is widespread — only three of ten sites had greater than 90%
problem list completeness even for the straightforward diagnosis we studied. There were
significant differences among the sites, with performance ranging from 60.2% to 99.4%,
suggesting that many sites have significant room for improvement in the completeness and
accuracy of their problem lists, perhaps using the success factors we have identified.

Clinical problem list gaps are a key example of data integrity issues; however, many other
areas of the health record, including the allergy list, medication list, family and social history
information and patient demographics can also be out of date or incorrect. Further research
should explore these other areas of potential compromise.

A further question for future research is whether the success factors we identified represent
best practices. Although we believe that most of them are best practices, further study is
needed around three issues. First, some of the success factors, such as generated gap reports,
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are readily translated to other organizations but others, most especially organizational
culture, are less portable. In addition, organizational culture related to EHR usage and safety
is difficult to measure (26); several responders were unable to comment regarding the
problem list use culture at their sites or explained that it is “evolving” or that “there are a
handful of real enthusiasts about coding in the hospital - but many who are not.” Further
study is needed to determine how a culture of problem list usage can be replicated. The other
four success factors (problem-oriented charting, gap reporting, shared responsibility and
billing codes) were not widely used outside of the top four but, likewise, no single success
factor was employed by all sites in the top four. Second, our current study does not give us a
robust method or measure of the necessity or sufficiency of each success factor, and some
may be more effective than others. From our experience, several sites not in the top four also
implemented some of the same practices as the top performing sites such as risk-adjustment
and programs tied to the problem list, even though they did not achieve such high levels of
performance. Third, some of the success factors, most notably tying the problem list to
billing codes, may have unintended consequences such as problem list clutter. Despite these
caveats, however, we believe that organizations looking to improve problem list
completeness should consider implementing some of these practices.

4.1 Limitations

Our study has several limitations. First, although our sample was relatively large and
diverse, it was not necessarily representative. The ten healthcare facilities in this study all
had EHR systems, the ability to query them (this is not universal), and a desire to collaborate
on this study — as such, they may be further along in system maturity than sites without these
abilities and interests. Moreover, self-developed EHR systems were overrepresented in our
sample. Though this is not, in itself, a limitation, it does bear on the generalizability of our
sample, and there may still be success factors (or barriers) that we did not uncover. Second,
given our method, we were not able to quantitatively measure the impact of each success
factor with our sample and methodology, which was designed to be preliminary and
hypothesis-generating rather than definitive. A much larger-scale retrospective analysis, in
the spirit of the analysis presented in Table 3, would be needed to quantify the impacts of
the success factors and translate them into robust best practices. Third, our study focused on
a single disease and a single diagnostic criterion — future studies might consider additional
diseases. However, identifying diseases with even a single, measureable, unambiguous
diagnostic criterion, such as HbAlc for diabetes, is difficult, so studies that tried to measure
multiple diseases might have to use chart review to establish gold standard diagnoses (as we
did in a prior study (18)), the expense of which might necessarily limit the number of sites
that could be included.

4.2 Conclusion

Incomplete problem lists are a widespread issue and threaten patient safety. Given the
importance of problem lists, particularly in an era where CDS, quality measurement, health
services research and risk-adjustment (as in accountable care organizations) are becoming
commonplace, additional steps should be taken to improve problem list completeness. This
study identified several success factors associated with problem list completeness through a
review of problem list information and interviews with informatics leaders and EHR users.
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Practices most common among the top performing sites included: financial incentives,
problem oriented charting, gap reporting, shared responsibility, links to billing codes, and
organizational culture. Organizations seeking to improve their problem lists should consider
adopting such practices, and additional study of them is needed to further establish their
relative effectiveness.
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